We study the effects of external shocks on the business cycle in China and its sectors (agriculture, industry, and services) in terms of real GDP growth using several small dimensional VAR models with Cholesky identification for the period 1996-2014. We show that Chinain particular its industrial sectoris susceptible to shocks, which can be related to a trade channel, a financial channel, and a confidence channel of business cycle transmission from major trading partner countries to the Chinese economy. If interpreted from the perspective of ongoing structural change and rebalancing in China, our findings can be interpreted as the result of a still very dominant industrial sector, and a previously export-and investment-driven growth model. Tertiarization in China could be one way of increasing the economy's future resilience to external shocks. However, the future structure of both the industrial and service sectors may be very decisive.
Introduction
China has managed to develop from being a low-income country in 1990 toward middleincome status today in terms of gross domestic product (GDP) per capita in an astonishingly short period of time. This fast development process in China has been based on a very traditional structural transformation process: huge migration of cheap labor from the agricultural (lowproductivity) sector, particularly from western parts of China, to newly developed industrial (high-productivity) centers, particularly in the eastern parts of China. In addition, China could profit from special factors, such as cheap imports of technology and knowledge from Western companies via joint venture-constrained foreign direct investments (FDIs).
However, China has now entered a new stage of structural change -an early phase of socalled de-industrialization or tertiarization. This new structural transformation has been affirmed and supported by the Chinese government (see the 12th and 13th Five Year Plans) because of the rising negative economic and social side effects of rapid industrialization. This structural transformation is also considered by some to be part of a necessary and fundamental rebalancing process in China.
In the course of this development, the service sector (which often is characterized as a sector with lower productivity compared to the industrial sector) has recently surpassed the industrial sector in China for the first time in terms of employment, as well as value added. Moreover, rebalancing is (intentionally) associated with a gradual shift from net exports to advanced economies toward domestic consumption, domestic investment, and intraregional exports (sometimes understood as a decoupling from industrial or advanced countries).
This characterizes China as an economy on the cusp of a new developmental path. The question that arises is what consequences this structural transformation will have in and for China. Theoretical arguments suggest that this rebalancing process may produce a reduction in economic growth, a decline in the current account surplus and thus in foreign reserves, and an increase in inflation (see Wagner, 2013) .
In this paper, we investigate the effects of external shocks on real growth and confidence in China and its sectors (agriculture, industry, and services). We find convincing evidence for the existence of trade, financial, and confidence channels between major trading partner countries and China, and especially China's industrial sector. First, we find a significant positive transmission of foreign real GDP growth shocks from major trading partner countries to China, especially its industrial sector. In contrast the agricultural and service sectors' real growth remains unaffected by these shocks. Hence, the trade channel seems to work through China's industrial sector. Second, financial shocks also especially affect growth in the industrial sector, but are also significant at an economy-wide level. Finally, we find support for the existence of a confidence channel. Our analysis is based on two measures of confidence in China: Business confidence and consumer confidence are clearly affected by trade and financial shocks, and could hence increase the impact of shocks working through trade and financial channels. In particular, a decrease in consumer confidence could be a way in which external shocks affecting the industrial sector could be transmitted into other subsectors of the Chinese economy and have negative effects on consumer spending. Our results are supported by the corresponding Granger-causality tests and variance decompositions. To our knowledge, we are the first to investigate the effect of external shocks at a sectoral level in China. We also extend previous research by analyzing potential confidence channels.
Altogether, the shocks have significant effects on the Chinese economy, but the effect on growth rates is generally short-lived.. The rest of the paper is structured as follows. We first give a very brief overview of the rebalancing discussion, and the impact of structural change on economic growth and stability. We also review the literature on business cycle transmission and the main transmission channels. Our empirical analysis starts with a description of the data, and how we obtain our measure of aggregated real GDP growth and liquidity conditions in trading partner countries. We briefly present our econometric framework and explain the identification scheme. We then present the empirical evidence for each channel in turn. We close with a summary of our results and propose policy implications.
Literature review
Our study relates to different lines of literature. First, there is a connection to the discussion on rebalancing the Chinese economy. De-industrialization is from this perspective seen as a shift from an export-driven towards a consumption-driven business model in China. Our analysis shows that consumer confidence in China is currently also strongly affected by developments outside China, which could also have implications for the prospects of a growth model that relies to a greater extent on domestic consumption. Second, structural change is part of a rebalancing process (see below) and thus there is a link to the structural change literature as we interpret our findings from the perspective of early de-industrialization in China. We show that industrialization and China's integration in world trade has probably increased the responsiveness of the Chinese industrial sector to external shocks. De-industrialization could, under certain conditions, reduce the responsiveness of the Chinese economy. Finally, our study extends the literature on empirical business cycle transmission. In particular, we systematically analyze different transmission channels for China and its three main sectors. In what follows, we briefly summarize the main arguments and findings in each strand of the literature, and show the connections with previous empirical literature.
Rebalancing the Chinese economy
The term "structural change" is here understood as the changing relative importance of the agricultural, industrial, and service sectors, measured either in terms of value added or employment. A stylized fact of structural change processes is that the agricultural, industrial, and finally the service sector alternate in being the dominant economic sector. The process toward a dominant service sector can be called de-industrialization or tertiarization. Wagner (2013) compares the share of the service sector in China to that in developed and developing countries from a historical perspective. He concludes that the share of the service sector in Chinese GDP is (too) small in comparison with other developed and developing countries when they were at the same stage of economic development. Using the example of Germany, he shows that a dominant industrial sector can prevail for an extended period of time, but it is questionable that this will be the case in China as the country urgently needs rebalancing (see Wagner 2013 Wagner , 2015 . Fig. 1 displays the employment and value added shares of the agricultural, industrial, and service sectors in China from 1978 to 2013. In terms of employment share, the service sector started to dominate the industrial sector in 1994. In terms of value added, this was only the case in 2014.
Source: Datastream, own calculations. Fig. 1 . Sectoral employment and value-added shares in the Chinese economy . Wagner (2015) points out that after two decades of very high economic growth rates, China has reached the so-called mid-income range and must implement fundamental structural reforms to avoid getting stuck in the middle-income trap. Many others assume that the growth model pursued in China, together with measures taken to deal with the consequences of the financial and economic crisis as a result of the United States (US) subprime crisis, have led to imbalances in the Chinese economy, requiring a so-called rebalancing.
Following earlier work by Blanchard and Giavazzi (2006) , rebalancing in the case of China includes a decrease in savings, while the authors stress the importance of private savings, an increase in the supply of services, particularly health services, and an appreciation of the Renminbi. Albert, Jude, and Rebillard (2015) define rebalancing as a reallocation from investment toward consumption, from manufacturing toward services, and from an extensive toward an intensive growth model.
Hence, tertiarization must be seen as an integrated element of China's rebalancing process.
Structural change and its impact on economic growth and stability
Looking at the possible consequences of rebalancing for economic growth in China, most previous research suggests that growth will most likely slow down as a result of tertiarization. Wagner (2013 Wagner ( , 2015 points out that the decrease in economic growth associated with tertiarization has negative effects due to Baumol's cost disease (see also Qin, 2006) . Baumol and Bowen (1965, 1966) and Baumol (1967) show that rising wages in the service sector are generally not accompanied by corresponding increases in efficiency so that the overall economic growth in a society with an increasing service sector will slow down. Recent research by Moro (2012 Moro ( , 2015 shows in the framework of a two-sector general equilibrium model calibrated for the US, that tertiarization reduces GDP growth and volatility. Hence, tertiarization generally has negative effects on economic growth, but positive effects on economic stability.
Previous studies
Besides the transmission of monetary policy shocks (see, for instance, Bernanke and Blinder, 1992 , Sims, 1992 or, more recently, Chen, Filardo, He, and Zhu, 2015 , for the transmission of unconventional US monetary policy), the transmission of business cycles has long been a subject Agricultural Sector (% of GDP, current prices) Industry Sector (% of GDP, current prices) Service Sector (% of GDP, current prices)
of study in macroeconomics. In most studies, the focus is on the transmission of business cycles between regions, or from systemically relevant countries to other countries or regions (see Poirson and Weber [2011] for a survey of these studies).
1
The general finding of this stream of studies is that the US is the main source of growth spillovers (see Poison & Weber, 2011) . Fewer studies have focused on the transmission channels, i.e., channels through which shocks are transmitted from one country or region to another. Using model-based simulation analyses, Helbling et al. (2007) find that most of the US spillover effects are trade related and the effects are relatively small. Interestingly, to obtain larger effects, simulations need to be done with disturbances correlated around the world. These correlations of disturbances could, according to the authors, be connected to growing trade or financial integration and may be especially relevant in times of financial crisis. Larger spillover effects are, for instance, found by Arora & Vamvakidis (2006) . The view that the trade channel may be the key transmission channel for economic developments in the US (see also Bagliano & Morana, 2011 ) is challenged by Bayoumi and Swiston (2009) , who point out that most of the spillovers stem from financial rather than from trade variables. This view is supported by Galesi and Sgherri (2009) , who also find support for the short-run importance of financial variables. Other macro variables are more important over a longer time horizon.
Two studies that are related to our analysis investigate the macroeconomic transmission of external shocks to the emerging economies of China, Emerging Asia and Latin America. Utlaut and van Roye (2010) find that an increase in real world GDP growth results in an increase in real GDP growth in both an average Emerging Asia country and China, while the response in Emerging Asia is more pronounced. They also find significant responses to a contractive interest rate shock and a worsening of financial conditions. Here, the resulting negative impact of global financial conditions on China is stronger than on Emerging Asia. The reactions of Emerging Asia and China to each other are far less pronounced. Hence, the authors conclude that economic activities in Emerging Asia can mostly be explained by world output and general financial conditions.
The research of Erten (2012) extends the analysis of Utlaut and van Roye (2010) , although in contrast to the latter, it does not focus on global GDP, but takes a more differentiated perspective differing between shocks from US GDP, Eurozone GDP, and Latin American GDP. The authors find that in comparison, Chinese GDP is least affected by the respective shocks. Also, shocks to Eurozone GDP growth have a stronger impact on China than on the US. Looking at the variance decompositions, more than half of the variation in Latin America is explained by external shocks, while slightly less than half is explained by external shocks in the case of the US and China. Both studies use Bayesian vector autoregression (VAR) models for their analyses.
Poirson and Weber (2011) also discuss the different forms of VAR models in the analysis of cross-country growth spillovers. They distinguish between four different types of VAR model: Bayesian VARs, factor-augmented VARs, global VARs, and VARs based on regional groupings. The four approaches differ in the way the identification of the shocks is achieved.
Bayesian VARs use priors for cross-country correlations to achieve identification. In contrast factor-augmented VARs summarize the cross-country co-movements of several factors in one or more common factors. Global VARs reduce the individual countries' spillovers to a share in a weighted average for each variable of interest. The fourth and last approach consists of estimating a traditional structural VAR for a smaller set of countries to preserve degrees of freedom.
Our approach is related to the second stream of literature on business cycle transmission from systematically relevant countries to other countries. We do not explicitly account for monetary policy outside China. We consider economic developments in China's major trading partner countries as systematically relevant to a transmission of shocks to the Chinese economy. We use similar variables to those in Utlaut and van Roye (2010) and Erten (2012) , but we extend the variable set by studying the response of Chinese confidence measures, and we clearly relate our choice of variables to the trade, financial, and confidence channels. In contrast to the approach in the two studies mentioned above, we focus solely on the effects of external shocks on China, while also extending the previous literature by an analysis of the three main sectors of the Chinese economyagriculture, industry, and servicesand by explicitly considering a confidence channel for China.
Channels of business cycle transmission
We distinguish between four potential channels of business cycle transmission. 2 First, there is the trade channel. Higher import demand in a relevant country will increase exports in the other country and lead to higher business cycle synchronization. Empirically this link can be regarded as well established (see Baxter & Kouparitsas, 2005; Clark & van Wincoop, 2001; Frankel & Rose, 1998) . In this channel, productivity advances could be transmitted via vertical integration (Arkolakis & Ramanarayanan, 2009; Kose & Yi, 2001 ). These two effects could increase international business cycle transmission. However, inter-industrial specialization will lead to smaller effects of spillovers if industry-specific shocks occur (see, amongst others, Frankel & Rose, 1998) .
These arguments could also be applied to China. In a first step, demand for Chinese intermediate products could have increased the effect of growth spillovers on the Chinese economy. The international division of labor and joint venture-induced spillovers of productivity may have additionally increased the business cycle transmission. As China's industry becomes more diversified over time and develops partly away from the fabrication of intermediate goods and toward more sophisticated production technologies and goods, for example the aircraft industry and the "Made in China 2025" initiative (see State Council of the People's Republic of China, 2015) , the response to industry-specific shocks will probably decrease.
Second, we have an exchange rate channel of business cycle transmission. Here, the theoretical and empirical implications depend on the type of shocks and the frictions in the economy. Generally, a shock that causes the domestic currency to depreciate will render domestic products more competitive and lead to rising exports.
Third, there is a financial channel. Rising financial integration allows investors to diversify their portfolios by investing in different markets. Also, arbitrage will lead to more synchronized financial prices. Johansson (2010) and Wang, Tsai & Wei (2014) , for instance, find that China's financial market integration has indeed increased. Eickmeier (2007) points out that there may also be negative effects of financial integration. If capital is mobile, it will be reallocated to economies where it is used most productively, which could lead to a loosening of business cycle co-movements after industry-related shocks.
Finally, there is a so-called confidence channel. If there is imperfect information concerning the development of foreign variables or the transmission of shocks to these variables to the domestic economy and there are costs in terms of forming expectations, domestic agents will make persistent expectation errors. These errors will add to the effects that would be transmitted via trade and financial markets, influencing domestic consumption and investments. Whether the confidence channel strengthens or weakens the effects of the other channels depends on whether agents under-or overestimate these spillovers.
Data and econometric framework

Data description
As previously in Utlaut and van Roye (2010) and Erten (2012), we focus on the short-run impact of external factors on China's growth at the economic level, but also shed light on transmission at a sectoral level. We focus on the financial channel, the trade channel, and the confidence channel.
To analyze the trade channel, we calculate a common measure for GDP growth in China's major trading partner countries. For this purpose, we use quarterly time series from 1992Q1 to 2014Q4 for the US, the Euro Area, the United Kingdom (UK) and Japan. These countries can be identified as China's major trading partners, receiving the major share of Chinese exports. Hence, a slowdown in the economic growth of these countries (proxied by their quarter-on-quarter change in GDP growth) is also expected to affect Chinese GDP growth.
For the countries mentioned, we first collect data for nominal GDP. Based on data from the World Bank database, the selected countries represent at least over 60% of global GDP (in current US dollars) over the whole sample period. Moreover, the Euro Area and the UK encompass almost 90% of the economic activity in the European Union over the whole sample. Hence, we believe that a sufficiently large share of economic activity of relevant markets is covered in our analysis. In addition, we collect quarterly data for the implicit GDP deflator to calculate real GDP.
We include two measures related to global financial conditions to assess the financial channel of business cycle transmission. We use the Chicago Board of the Exchange Volatility Index (VIX) to measure general financial conditions and risk. Furthermore, we collect threemonth interbank interest rates to mirror liquidity conditions in the banking sectors of major trading partner countries. For China, we collect quarterly data on nominal GDP as well as nominal GDP data for the three sectors. In addition, we collect an implicit GDP deflator for China to calculate real economic activity. Finally, we collect two measures of business and consumer confidence in China. We use the Business Climate Index for the industrial sector and future consumer income confidence. All data are taken from Datastream or the EABCN database.
3 All data except for the interest rates and the VIX are already seasonally adjusted or treated with the X12-ARIMA procedure.
To obtain a single measure for the trading partners' series, the first step consists of aggregating the country-specific time series to a single time series for all selected trading partners. The aggregation method we use has previously been applied by other authors: The methodological principles were first explained in Beyer, Doornik, and Hendry (2000, 2001) , and more recently reconsidered by Beyer and Juselius (2010) . Applications of this method can be found in Giese and Tuxen (2007) , Belke, Bordon, and Hendricks (2010) , Belke, Bordon, and Volz (2013) , and Gattini, Pill, and Schuknecht (2012) . Hence, this method can be considered well-established in the economics literature.
For a detailed discussion of aggregation issues, we refer the reader to Beyer et al. (2000 Beyer et al. ( , 2001 , and Beyer and Juselius (2010). In brief, Beyer et al. (2001) conclude that there are four possible aggregation methods, either aggregating levels or growth rates of the series with either constant or flexible (i.e., changing) weights, and with a fixed or variable exchange rates. Beyer et al. (2001) conclude that aggregation with growth rates and changing weights delivers the most reliable results. Moreover, Beyer and Juselius (2010) show that instead of real weights, which are recommended in Beyer, Doornik and Hendry (2001) , it may be better to use nominal weights. However, a critical point is the transformation with variable or fixed exchange rates if purchasing power parity is not fulfilled.
In a first step, we use nominal GDP weights to construct the aggregated series of nominal GDP and the GDP deflator . Following the literature cited above, with nominal output as , and the implicit deflator as , , real output , is defined as , ≡ , , for countries = 1, … , and = 1, … , . The corresponding growth rates are denoted by ∆ , , ∆ , , and ∆ , , where lower case letters denote the log of the corresponding capitals, so that, for instance, ∆ , = , − , −1 = ∆ , . The weight of country in period − 1 is given by:
where . , is the exchange rate of country at time − 1 vis-à-vis a common currency, c, which in our case will be the US dollar in current prices.
In a second step, growth rates for every variable and country, measured in the domestic currency, are calculated and aggregated using the weights , −1 , such that:
, where ∆ , are the individual countries' growth rates for the relevant variables (here nominal GDP), measured in national currencies. This procedure is followed for nominal GDP and the implicit GDP deflator with nominal GDP weights. For instance, in the case of nominal GDP, an index is calculated as:
with 1 = 100. As we use lagged weights, like Beyer et al. (2001), a weight for the initial period is missing. Therefore we set ,0 = ,1 , as in Beyer et al. (2001) . We are able to calculate real GDP implicitly by calculating = . The interest rates are aggregated using real GDP weights, but without calculating growth rates. We calculate Chinese real GDP by means of the aforementioned Chinese implicit GDP deflator. Here, our results rely on the assumption that the GDP deflator reliably captures the development of prices in all sectors on average. Fig. 2 displays the economic developments in China's trading partner countries in terms of real GDP (difference of logs), short-term interest rates (in levels and first differences), VIX (in levels), and for the real GDP development in China (difference of logs), as well as disaggregated data for the agricultural, industry and service sector in China between the second quarter of 1992 and the fourth quarter of 2014. Confidence measures for business confidence (BC) and consumer confidence (CC) are displayed in levels and first differences depending on the availability of data.
Source: Datastream and EABCN, own calculations. Real GDP growth in trading partner countries is relatively stable over the whole period, while there is a strong decline during the financial crisis. This strong decline in real growth rates corresponds to exceptionally high values of the volatility index, VIX. Our measure of short-term interest rates shows that liquidity conditions ease in trading partner countries for most of our sample. Furthermore, we see that lower levels of the volatility index generally correspond to more stable or higher growth rates in trading partner countries. Looking at China's growth rates at the level of the whole economy, we first observe higher volatility prior to and during the Asian crisis around 1997 and afterwards. During the financial crisis, we observe the most considerable slowdown in economic growth in China since its entry to the World Trade Organization (WTO) 2001, with a relatively fast rebound in China. The development in business confidence in the industry sector closely resembles real growth developments in trading partner countries and suggests a close relationship. The effect of the financial crisis is also clearly visible in the confidence measures. While consumer confidence in terms of future income expectations shows a 4 D = first difference; LN = log; GDP = real gross domestic product; I = interest rate; TP = trading partner; CH = China as a whole; CH_1 = China's agricultural sector; CH_2 = China's industry sector; CH_3 = China's service sector; BC = business confidence; CC = consumer confidence. rising trend prior to the financial crisis, it does not recover fully afterwards and seems to have suffered considerably.
Based on the visual impression of developments in China and its sectors, these do not seem to be related particularly closely to the external developments described. However, the effect of the financial crisis is clearly visible. We also observe that after the financial crisis, growth in the industry sector slows down considerably, while service sector growth remains relatively stable. When looking at the sector level in China, we have to bear in mind that the shares of the sectors in Chinese GDP are different (see Fig. 1 ). As the industry sector dominates China's economy for most of the sample, it is no surprise that the industry sector resembles China's overall real growth pattern the closest.
From this prima facie analysis, we can determine that the growth pattern of the industry sector seems to be most representative of the developments in China's growth as a whole. This is not a surprise as China has so far followed a growth model based on the production and export of intermediate industrial products. Generally, lower growth rates in China's industry sector seem to correspond to higher levels of perceived risk and lower growth rates in the trading partner countries. However, at this point of our analysis we would not overstress the importance of external shocks for China's growth from this descriptive analysis.
[Insert Table 1 about here] Table 1 displays the unit root tests for the time series considered. We see that an analysis in first differences is generally unproblematic as all the time series can be regarded as stationary in first differences. VIX and BC are even stationary in levels. I_TP should be considered with caution. Although it is not reasonable that interest rates are non-stationary in the long run, the unit root tests clearly indicate non-stationarity. Hence, when using I_TP we should test the stability properties of the model.
Econometric framework
The VAR methodology used in the econometric analysis can be regarded as a work horse in empirical economics as it became popular after the publication of Sims (1980) . A major advantage of VAR models is that all variables can be taken as endogenous, which allows us to test different assumptions concerning causality without imposing a concrete model structure separating exogenous and endogenous variables. This, however, has also led to criticism of VAR models as atheoretical. Another disadvantage is that degrees of freedom quickly become scarce if the number of lags and variables is extended. For our model, it is thus advantageous to combine the developments in China's major trading partner countries in just two aggregated index time series and the VIX.
For illustrative purposes, we formulate the model with the trading partners' real GDP growth and real Chinese GDP growth. The corresponding vector is:
The sample period is 1996:01-2014:04. We choose 1996 as a starting point as this coincides with the strategic plan to develop infrastructure and other heavy industries in China (see Chang, Chen, Waggoner, and Zha, 2015) . The structural VAR representation with lags is:
where is a 2 × 2 coefficient matrix and is a 2 × 1 vector containing constant terms. = ( 1, , 2, )′ is a vector with the properties:
Ω in this case is a 2 × 2 symmetric positive definite matrix. We can obtain consistent estimates of the coefficients of by estimating each equation with ordinary least squares (OLS). We assume that 0 −1 has a recursive structure and the reduced from errors can be decomposed according to = 0 −1 . This ordering implies that the variables ordered last affect the variables ordered before them.
In what follows, we replace _ with the corresponding sector variables or confidence measures and _ will be replaced with the respective external variables.
Results
The trade channel
We first explore the existence of a trade channel between China and its major trading partner countries. For this purpose, we estimate a bivariate VAR model with the vector:
We order the trading partner variable last as we expect that shocks arise in the trading partner countries and then affect the Chinese economy. Lag length criteria propose a lag order of between two and four lags. However, we detect a few outliers, which we correct with dummy variables.
5 The dummies we set can be explained by the financial crisis and its aftermath, and the beginning of the Asian crisis. After setting the dummies, there is almost no indication of autocorrelation of the residuals and heteroscedasticity is clearly rejected. The residuals can even be considered to be normally distributed (see Table 2 ). However, for this model, but also for the following models, we obtain the same results without the corresponding dummies. We are also aware that for our models normally distributed residuals are not necessarily required.
[Insert Table 2 about here]
The chosen lag length is further supported by Granger causality tests, which indicate that DLNGDP_TP significantly Granger causes DLNGDP_CH at lags four to six (see Table 3 ). The possibility that Chinese real GDP growth Granger causes GDP growth in trading partner countries is however rejected (results for these tests not displayed).
[Insert Table 3 about here]
The impulse response functions also show that a positive shock to real GDP growth in trading partner countries positively affects real GDP growth in China. The response is relatively strong, but is short-lived as the effect on growth rates cancels out after about two quarters.
Source: Own calculations. Fig. 3 . Impulse response of DLNGDP_CH to DLNGDP_TP.
Variance decompositions further support the interpretations based on the Granger causality tests and the impulse response functions. After 12 quarters, more than 10% of the variation in Chinese GDP can be explained by variations in the trading partner's real GDP developments. In contrast, only about 3% of the variation in the trading partners' GDP measure is explained by developments in China (see Table 4 ).
[Insert Table 4 about here]
In the next step, we strive to obtain a more detailed picture of the transmission of demand shocks via a trade channel to the Chinese economy. For this purpose, we now use the disaggregated sectoral real growth rates of the agricultural, industrial, and service sectors. The vector for the corresponding four variables VAR is now:
Thus, we implicitly assume that demand shocks from trading partner countries are transmitted to the industrial sector, and are then further transmitted into the service sector and the agricultural sector. Although most services are non-tradable, we assume that the service sector supports the industry sector (industry-related services) to a certain degree. However, our results are generally robust to different orderings of the real sectoral growth rates.
The lag length criteria recommend between one and four lags. In this model, we can establish acceptable residual properties with just one dummy variable, which can be explained by the Asian crisis. After correcting this single outlier, we can reject residual autocorrelation, as well as heteroscedasticity. Again, the residuals can even be considered to be normally distributed. The residual diagnostics are displayed in Response of DLNGDP_TP to DLNGDP_TP
[Insert Table 5 about here]
Granger causality tests indicate that shocks in trading partner countries' GDP only affect the industry sector at lags of two and four. The agricultural and service sectors remain unaffected (see Table 6 ).
[Insert Table 6 about here] This picture is also supported by the corresponding impulse response functions. We find a significant response only in the case of the industrial sector. The response is similar to that we obtained in the previous model, that is, the demand shock has a strong but short-lived impact on real growth in the industrial sector. While the service sector shows a similar pattern in terms of the shape of the impulse response, there is no significant impact. The agricultural sector is clearly unaffected by external shocks (see Fig. 4 ).
Source: Own calculations. Fig. 4 . Impulse response of DLNGDP_CH_1, DLNGDP_CH_2, and DLNGDP_CH_3 to DLNGDP_TP.
The variance decompositions also support the assumption that the industry sector especially is affected by the shocks considered. After 12 quarters, approximately 12.3% of the variation in the Chinese industrial sector can be explained by variations in the trading partners' GDP. For the service sector, the share is considerably smaller, with only around 7.4% explained and only around 2.2% of the variation in the agricultural sector explained by the corresponding variations (see Table 7 ).
[Insert Table 7 about here]
The financial channel
We turn now to the financial channel. The first bivariate VAR is estimated with the vector: Response of DLNGDP_TP to DLNGDP_TP
The lag length criteria again recommend between one and four lags. The volatility index, in particular, shows a couple of outliers (extremely high values in the second quarter of 2003, the fourth quarter of 2008, and the third quarter of 2011). We correct these values with dummy variables. We achieve a fairly well specified model with a lag length of two lags. Table 8 shows that there is some indication of autocorrelation in the second lag, but not too much. Heteroscedasticity is rejected. Again the residuals can be considered to be normally distributed.
[Insert Table 8 about here] Looking at the Granger causality tests (see Table 9 ), we see that there is some evidence that the VIX Granger causes real Chinese GDP growth at lags one to four. The evidence is strongest for the second lag.
[Insert Table 9 about here] The relationship is also supported by the corresponding impulse response in Fig. 5 , in which we observe a negative response of real Chinese GDP growth for about two quarters.
Source: Own calculations. Table 10 show that only around 2.83% of the variance in Chinese real GDP growth is explained by variations in the VIX. However, we have to bear in mind that we have removed extreme positive values from the VIX, such that the above value probably corresponds to more normal times in the absence of extreme financial turmoil.
The variance decompositions in
[Insert Table 10 about here] From the more disaggregated perspective, we estimate the four VAR variables:
Again we correct outliers with dummy variables. At a lag length of two, we find practically no residual autocorrelation and heteroscedasticity. The residuals can even be regarded as normally distributed. Table 11 displays the residual diagnostic tests. Response of VIX to VIX
[Insert Table 11 about here]
The Granger causality tests in Table 12 strongly support the view that the financial channel also works especially through the Chinese industrial sector. The VIX Granger causes real growth in the industrial sector at lags one to four.
[Insert Table 12 about here]
The impulse response functions in Fig. 6 show the same picture. The response in the service sector resembles the response in the industrial sector, but the effect is only significant in the industrial sector. There is no significant response in the agricultural sector.
Source: Own calculations. Fig. 6 . Impulse response of DLNGDP_CH_1, DLNGDP_CH_2, and DLNGDP_CH_3 to VIX. Table 13 show that the VIX does not significantly explain variations in agricultural sector growth. About 4.1% of the variation of the industrial sector is explained by variations in the VIX. Variations in the service sector are also not significantly explained.
[Insert Table 13 about here] As a possible means of transmission, we assess the impact of liquidity conditions in trading partner countries on the Chinese variables. The corresponding vector for this model is:
The necessary residual properties can be established with four lags and three dummies, which account for extreme interest rate movements in times of crisis. Response of DLNGDP_CH_3 to VIX Response of VIX to VIX
[Insert Table 14 about here]
The Granger causality tests displayed in Table 15 do not indicate that interest rates affect Chinese GDP growth.
[Insert Table 15 about here]
The same is valid for the impulse response functions shown in Fig. 7 and the variance decompositions in Table 16 .
Source: Own calculations. [Insert Table 16 about here] Specifying a corresponding model with the vector for the disaggregated sectors does not alter the impression that the measure of liquidity conditions does not affect growth in China, while there is very limited evidence from the Granger-causality tests (see Table 17 ) that the agricultural and the service sectors could be affected.
[Insert Table 17 Response of DLNGDP_CH_2 to I_TP Source: Own calculations. Fig. 8 . Impulse response of DLNGDP_CH_1, DLNGDP_CH_2, and DLNGDP_CH_3 to I_TP.
[Insert Table 18 about here]
The confidence channel
Finally, we turn to possible confidence channels. We first assess the impact of the external variables on business confidence in China's industrial sector. As the business confidence, BC, was already stationary in levels, we can estimate the bivariate VAR with the vector:
Due to the limited availability of data for business confidence, we are restricted to the investigation of the period from the first quarter of 1999 until the fourth quarter of 2014. With three dummies related to the financial crisis and a lag length of two lags, we can establish the necessary residual properties as shown in Table 19 .
[Insert Table 19 about here]
The Granger-causality tests displayed in Table 20 show that real growth in trading partner countries clearly Granger-causes business confidence in China's industrial sector.
[Insert Table 20 about here] This picture is further supported by the corresponding impulse response function, which shows that the effect is significant for about three quarters before it cancels out (see Fig. 9 ).
Source: Own calculations. Fig. 9 . Impulse response of BC to DLNGDP_ TP. Response of DLNGDP_TP to DLNGDP_TP
The variance decompositions displayed in Table 21 show that almost one fifth of the variance in business confidence in the industrial sector can be explained by variations in trading partners' real growth.
[Insert Table 21 about here] We also test the effect of the VIX on business confidence in China. While the impulse response shows that an increase in the VIX leads to a decrease in business confidence, neither the Granger causality tests nor variance decompositions indicate a strong impact on business confidence. Nor do we find significant evidence for an impact of the interest rate. Thus, we would tend to assume that business confidence is solely affected by GDP developments in trading partner countries.
We now look at the impact of the external shocks on consumer confidence. Here we only have data from the first quarter of 2001 onwards. Also, consumer confidence, CC, is found to be non-stationary so that we perform our estimation in first differences with dCC. The vector for the bivariate VAR is:
With three lags and two dummies, we achieve the necessary residual properties as shown in Table 22 .
[Insert Table 22 about here]
The Granger causality tests (see Table 23 ) strongly support the hypothesis that a change in real GDP growth in the trading partner countries leads to a change in Chinese consumer confidence. We also find that consumer confidence in China Granger-causes the real GDP growth in trading partner countries (results not displayed). This can be taken as an indication that China has also become an important market for goods produced in its major trading partner countries. The impulse response function also shows a clear effect of growth in trading partner countries on consumer confidence in China. Fig. 10 displays the corresponding impulse response.
[Insert Table 23 about here] Source: Own calculations. Fig. 10 . Impulse response of dCC to DLNGDP_ TP. Response of DCC to DLNGDP_TP -.0004
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Response of DLNGDP_TP to DLNGDP_TP Variance decompositions (see Table 24 ) show that about 11% of the variation in the change in Chinese consumer confidence can be explained by variations in real GDP in China's trading partner countries.
[Insert Table 24 about here] Finally, we investigate the effect of the VIX on consumer confidence in China. The corresponding vector is:
With three lags and three dummies, we are again able to establish the necessary residual properties (see Table 25 ).
[Insert Table 25 about here]
The Granger causality tests indicate that the VIX Granger causes changes in China's consumer confidence at lag lengths of two to four (see Table 26 ).
[Insert Table 26 about here] Fig. 11 shows the corresponding Granger causality tests. We observe a deterioration in consumer confidence after a period of around three quarters in response to an increase in risk perception.
Source: Own calculations. Fig. 11 . Impulse response of dCC to VIX.
The variance decompositions (see Table 27 ) show that the VIX accounts for about 13.6% of the variation in consumer confidence after 12 quarters.
[Insert Table 27 about here]
Has the transmission channel changed over time?
As we have only a rather small sample, it is difficult to perform a reliable subsample analysis. Also, the period under investigation could be characterized as fully belonging to the industrialization period, with perhaps slight signs of de-industrialization toward the end. Response of VIX to VIX
The general conclusions we draw are also valid for the full sample of 1994 to 2014. That is, demand and financial shocks significantly Granger-cause real Chinese GDP growth and the disaggregated perspective shows that this is mainly because the industry sector is affected. Thus, we are generally able to reproduce our results from the baseline sample considering the impulse responses, the Granger-causality tests, and the variance decompositions. However, we observe that the results become slightly more significant if we exclude the earlier years of our sample. We interpret this as indicating that the impact of shocks has actually increased over time, which is in line with China becoming more integrated in the world economy.
In terms of our results, they question the perspective of rebalancing toward a more (domestic) consumption-driven model without accounting for global developments. In particular, consumer confidence in China seems to be affected both by external demand shocks and financial shocks. Hence, greater consumer spending will currently only be possible if China is able to relax the relation between future income expectations in China and global economic developments.
Conclusion and policy implications
In this paper, we have investigated the effect of external shocks on China's total real growth and real growth in its main sectors from the perspective of structural change and rebalancing. Generally, China is significantly affected in the short run by external shocks. Shocks appear to work through the trade, financial, and confidence channels alike. When we dummy out extreme values, the impact of trade and financial shocks appears to be somewhat smaller in comparison to the results in previous literature (see Erten, 2012) . However, we are generally able to reproduce the qualitative results of previous analyses and our results are robust if we remove our dummy variables. What is more, we extend our analysis to a subsector analysis and find that the industrial sector especially is affected by external shocks. This can be explained by the fact that this is the most relevant sector for Chinese exports. While the agricultural sector is less important for China's overall growth perspective, an important result from our research is that the agricultural and the service sectors have thus far not been affected at all by external shocks, while there is limited evidence that liquidity conditions have had some effect on these two sectors according to our empirical models (see Table 17 ). Hence tertiarization could have a positive effect on China's resilience to external shocks as long as the major share of services is not industry-related to a large extent. On the other hand, we find strong evidence for the existence of confidence channels, which are affected by trade and financial shocks. While the concrete way in which confidence is affected is not clear, a possible explanation might be that the industrial sector is still very important for overall growth in China (see Fig. 1 ). Hence, investors and consumers closely observe the performance of China's industry, which is in turn affected by global developments. Thus, external shocks influence future income expectations, and hence consumption and demand in general.
While we do not wish to overinterpret our findings, some general policy implications seem to be quite clear. With a still very dominant industrial sector, China is directly affected by global events that affect demand for Chinese exports. Policymakers and companies could consider diversifying production. This could lead to a less strong impact of external shocks. The financial channel could work in different ways. Possible mechanisms could be portfolio reallocations in times of financial stress (flight to quality) and the withdrawal of capital or just a reduction in current and future FDI. This could perhaps be reduced by further developing domestic capital markets and domestic financing, hence reducing the dependence on international capital, andthrough sound equity marketsoffering domestic savers a possibility to invest their savings. Finally, the management of expectations will necessarily play a very prominent role. Creating confidence in the resilience of the Chinese economy, and ensuring financial and economic stability in China, for example by means of macroprudential policies, could also have beneficial effects. 1997:03, 2008:04, 2009:01, 2009 :02; *,**,*** indicate rejection of the null at the 10%, 5%, and 1% levels 0.075* a Models include dummies: dum0203, dum0804, dum1103; *,**,*** indicate rejection of the null at the 10%, 5%, and 1% levels 03, 2002:03, 2008:01, 2008:04, 2011: 03; *,**,*** indicate rejection of the null at 10%, 5%, and 1% levels Table 20 Granger causality tests for the confidence channel (trade shocks) with business confidence. Null: DLNGDP_TP does not Granger cause BC Lags 1999Q1-14Q44 1 0.010*** 2 0.028** 3 0.005*** 4 0.013** *,**,*** indicate rejection of the null at the 10%, 5%, and 1% levels Table 23 Granger causality tests for the confidence channel (trade shocks) with consumer confidence. Table 26 Granger causality tests for the confidence channel (VIX shocks) with consumer confidence. Table 28 
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